The aim of this work was to study, as a function of the different availability of nitrogen in the reduced form, mineral and organic, the induction of the synthesis of some ROS-scavenging molecules and the evolution of some enzymatic activities such as ascorbate peroxidase (APX) and polyphenoloxidase (PPO).
Introduction
The induction of secondary metabolism in the plants, with the consequent synthesis of antioxidant compounds, depends on biotic and abiotic inputs produced by natural processes and anthropic actions. Metabolic components produced by secondary metabolism, such as ascorbic acid, polyphenols, anthocyanins, ROS-scavenging molecules and some enzymatic activity involved in the biosynthesis of this organic components, such as ascorbate peroxidase (APX) and polyphenoloxidase (PPO), indicate the total antioxidant capacity (TAC) of a biological system [1] .
TAC variations are representative of the metabolic requirement of equilibration of cellular redox potential. Polyphenols production in the plants depends on genetics and physiologicals factors, such as genotypes and maturation [2] ; on other factors such as UV [3] , osmotic stress [4] and nutrients availability. Particularly, nitrogen source has a potential effect on polyphenols formation [5] . Since nitrogen supply is indispensable to increase plant productions, the evaluation of the influence of nitrogen reduced form in nutritive solution on molecules and ROS scavenging activities production, results very interesting.
Soil favours the availability of nitrate for the plant, by inducing oxidative processes of ammonia nitrogen; the nitrogen supply in the reduced form in the nutritive solution will determine some competition with the nitrate absorption [5, 6] , causing stress conditions for the plant.
The aim of this work was to study, as a function of the different availability of nitrogen in the reduced form, mineral and organic, the induction of the synthesis of some ROS-scavenging molecules and the evolution of some enzymatic activities concerned with the biosynthesis of these organic compounds, assessing, at the same time, the TAC of plants in the different experimental conditions.
Materials and Methods
Two-week chicory seedlings were grown in trays (15 plants [7] .
Organic components
The organic compounds, total polyphenols, anthocyanins and ascorbic acid total and reduced, were determined as previously described [8, 9, 10] .
Determination of the total antioxidant capacity (TAC)
Samples of leaves were extracted with methanol and sonicated for 60 s. The homogenate was centrifuged at 10000 rpm for 10 min at 4°C. The total antioxidant capacity was assayed on the supernatant according to [11] . Spectrophotometric readings at 730 nm were performed on the reaction mixture made of: 100 μl extract; 2 mM ABTS; 0.1 mM H 2 O 2 , 0.25 nM HRP in 50 mM phosphate buffer at pH 7.5. TAC was determined by means of a calibration curve obtained with suitable dilutions of a solution of pure ascorbic acid standard.
Polyphenoloxidase (PPO) assay PPO extraction was carried out according to [12] , using a 50 mM potassium-phosphate buffer (pH 6.5). The homogenate was filtered and centrifuged at 20000 g for 20 minutes at 4°C. The activity, following the method of [13] , was essayed on a reaction mixture made up with 0.2 ml caffeic acid, 0.1 mM ethanol and 0.5 ml of the extract. Absorbance was measured at 480 nm for 5 minutes. The PPO activity was expressed as µmoles o-quinone min -1 mg -1 enzymatic protein.
Ascorbate peroxidase (APX) assay APX extraction was performed with a 50 mM potassium-phosphate buffer (pH 7.0) in presence of 1 mM ascorbic acid to avoid the enzyme inactivation during extraction. The activity was essayed following [14] . APX activity was evaluated on a reaction mixture made up of 0.5 ml enzyme extract in 50 mM potassium-phosphate buffer (pH 6.6), AsA 1 mM, H 2 O 2 4 mM, Na 2 EDTA 0.4 mM, following the extinction rate of AsA due to its oxidation by H 2 O 2 . The reaction was started with the addition of H 2 O 2 and the AsA degradation was followed monitoring the decrease of absorbance at 290 nm at 25°C.
Enzymatic proteins determination
The enzymatic proteins content was determined according to the method of [15] , using Coomassie Brillant Blue G250 which shows, in the free form, a maximum absorbance peak at 465 nm. The reagent, which binds mainly to the residues of arginine and, to a less extent, to lysine, histidine, tyrosine, tryptophan and phenylalanine of the enzyme, shows a maximum absorbance peak at 595 nm. One ml Coomassie was added to variable aliquotes of enzyme. After 15 minutes the absorbance at 595 nm was read and the protein amounts were calculated using a calibration curve obtained with bovine serum albumine (BSA) at concentrations ranging from 2 to 10 µg.
Results and Discussion
The observed increase of nitrates (Tab. 1), which progressed during the tests development compared to the control, might be due to the nitrate availability splitted through time in these samples due to the antagonistic action exerted by the ammonium ion towards the nitrate assimilation at the root level [6, 16] . The lack of nitrate absorbance might be due to a decrease in the transcription rate of the high-affinity inducible protein, in charge of the transport of NO 3 -, which
is not detected when the ion is absent, as highlighted in barley roots grown on a nutritive solution where ammonium and nitrates were contemporarily present [17] . It is known that the presence, in the nutritive solution, of the ammonium ion after the addition of the fertilizer, determines an initial acidification of the medium, which is a favourable condition for the absorbance of nitrogen in the reduced form. The absorbance of ammonia nitrogen allowed to increase the development of plants, as can be inferred from the organic nitrogen contents comparable with those of the control samples.
The following nitrate assimilation is testified by the increments of this component in the treated samples, which can be attributed to the decrease of photosynthetic organic matrix. The phosphate contents decrease and, on the other hand, the increase in the nitrate content, observed in the three tests (Tab. 1), might be due to a response determined by the need for an equilibrium of cellular homeostasis [18, 19] . The variations of the reduced and oxidized forms of ascorbic acid (Tab. 2) is in agreement with the higher involvement registered for the APX activity in comparison with the PPO activity (Tab. 3). The rise in the APX activity registered in the treated samples implies an oxidative process of AsA, substrate of the enzyme, and this event is confirmed by the decrease of this latter component and by the increase of its oxidized form. APX, glycoprotein which contains an eme group, seems to be codified by a wide multigenic family and to be involved in various physiological processes [20] . This enzyme plays a fundamental role in oxidative processes, such as lignification, cross-linking of the cell walls protein structures and defence against pests attacks [21] . Every circumstance in which the cell homeostasis is altered, can lead to an oxidative stress which depends on an imbalance between the molecules and enzymes having antioxidant activity (AOX) and the ROS, with a consequent increase of the production of oxygen reactive species [22] . The ammonium ion absorption determines a momentary increase of pH, with consequences on the cell redox potential, inducing an oxidative response. The correlation between the nitrate and dehydroascorbate contents (R=0.9596) is a consequence of the ammonium ion supply. The oxidative stress determined by the presence of ammonium ion in the nutritive solution seems to influence, especially, the ascorbic acid content. This ROS-scavenger is able to remove directly the superoxide anion, hydroxyl radicals, singlet oxygen and hydrogen peroxide, through a reaction catalyzed by the ascorbate peroxidase [23] . In agreement with our results, a significative increase of AsA was observed in mulberry-tree leaves in conditions of nitrogen and phosphorus deficiency [24] . The supply of nitrogen in the reduced form to the nutritive solution, influencing the redox cell equilibrium, determined increments of the polyphenol component (Tab. 4), with an induction of the secondary methabolism, as already highlighted by [5] . In correspondence with the increments of the polyphenol component, the ammonium supply caused increments in leaves of the PPO and peroxydase activities (Tab. 3). The natural ability of PPO is expressed by its capacity of oxidizing phenols and polyphenols, establishing a defence mechanism towards proteins [25] . PPO is, indeed, an enzyme which catalyzes the oxidations O 2 -dependent of mono-phenols or di-phenols to odichinone [26] . components induced by a ROS-scavenging action were validated with the TAC measurement (date not shown), which was more expressed in the samples treated with simultaneous ammonium and nitrates supply. TAC, which is a measure of the total antioxidant capacity, resulting from a balance between the enzymatic activities and the ROS-scavenging molecules [31, 32] , is especially dependent on the differentiated forms of ascorbic acid and on polyphenols. In particular, the increase of TAC in the samples treated with nitrogen in the reduced form has to be attributed to the polyphenol and total AsA components registered in these samples. [31] observed a direct correlation in cereals between these two parameters. Even if the polyphenol component did not show any correlation with TAC in wheat plants [33] , such correlability was highlighted in different bean cultivars [9] .
The response of the organic species investigated, therefore, indicate that the biosynthesis of ROSscavenging molecules is influenced by the supply of nitrogen in the reduced form (Nguyen et al., 2008) .
Conclusions
The variations of the organic components show the incidence of the nitrogen supply in the reduced form on the cell redox potential.
The oxidative stress was confirmed by the induction of APX and PPO enzymatic activities. The equilibrium restoration was performed mainly at the expense of the variation of the ascorbic acid forms. The phenolic compounds increment was performed mainly at the expense of the anthocyanins production, as highlighted by the decrease of the anthocyanins/polyphenols ratios.
The responses observed in plants with the variations of the organic components and of the investigated enzymatic activities, supported by the total antioxidant activities, point out that the biosynthesis of ROS-scavengers is reduced by the nitrogen supply in the reduced form, therefore confirming the importance of fertilization for obtaining satisfactory productive yields and, at the same time, high amounts of antioxidant molecules. 
